Theories on value creation, co-innovation and co-development and lean enterprise have gained in popularity in recent times. This research has taken aim at extending the investigation on how to quantify companies' capabilities in creating value for their stakeholders. A theoretical framework was adopted to build the performance measurement method on. This framework identifies five performance indicators of company performance: competition performance, financial performance, manufacturing capability, innovation capability and supply chain relationships. Due to the limited availability of data in aviation industry, use was made of data from the automotive industry. Data from 33 automotive OEMs was collected from which a set of variables was constructed. The behavior and relations of these variables were investigated and eventually five variables were selected, one for each performance indicator. Using multiple regression techniques weight factors were determined for each variable and a linear model was constructed, expressing a company performance index. This linear model allows assessing and comparing the performance of different companies over an arbitrary period of time. For the automotive OEMs this was qualitatively shown to work. The model was then adapted to fit the aerospace OEMs and the weight factors were recalculated. Unfortunately, due to the limited availability of data for aerospace OEMs, it was not possible to obtain great insights into the behavior and relations of the variables for these aerospace companies. Moreover, the weight factors of the linear model could not be determined with much accuracy. To solve this, it is recommended that for future research data collection continues and that in some years the research is redone with more data, allowing statistical analysis to be able to detect smaller effects.
I. Introduction
N recent times theories on value creation, co-innovation and co-development and lean enterprise have gained popularity among researchers. Beelaerts van Blokland, Fiksi ski, Amoa and Santema 2,3,5 have made steps towards integrating these theories and quantifying them. The result is the concept of the 3C-model, accompanied by a set of three 3C-metrics to quantify it. Still, the quantification efforts performed up to now deserve more research, which is what this research will aim itself at. Before further discussing the research goal, it is important to first review the relevant existing literature. Each of the four theories mentioned above, value creation, co-innovation and codevelopment, lean enterprise and the 3C-model will be discussed subsequently.
II. Methodology
In order to achieve this goal, use will be made of data from publicly available annual reports to construct a set of variables that are believed to be able to provide insights on different aspects of company performance. Although the intention is to develop the model for use in the aerospace industry, most of the research will not be using data from aerospace companies. The reason for this is because there are only a few aircraft manufacturers in the world that are publicly owned, whereas there are many publicly owned automotive OEMs in the world. Therefore there is much more data available for automotive OEMs and because of that, the main chunk of research will be performed using automotive data, after which the results will be translated for aerospace application. Research by Tseng, Chiu and Chen 20 has identified five indicators, or "pillars" of company performance. These are competition performance, financial performance, manufacturing capability, innovation capability and supply chain relationships. Good performance on all of these should span up to good performance of the whole company. The idea is to propose one or more variables for each of these performance pillars. Based on a series of analyses, a selection will be made of one variable per performance pillar, from which a linear model can be constructed. This linear model then has the power to assess the performance of a company, taking views from more than just a financial viewpoint. Table 1 specifies which variables are proposed for each of the performance pillars. For some variables also the source is indicated. The other variables will be discussed below.
Performance Indicator Variables Source
Competition Performance Sales growth rate ( T) Tseng et al. 20 Turnover (T)
Market share (MS) Tseng et al. 20 Financial Performance Share price ( SP) Tseng et al. 20 Manufacturing Capability Profit per employee (P/C) Tseng et al. 20 Inventory turnover (T/I) Murman et al. 15 Vehicles per employee (V/C) Innovation Capability R&D efficiency (P/R&D) Tseng et al. 20 Own R&D efforts (R&D/C) Beelaerts van Blokland 4 Table 1 does not indicate a source for three of the proposed variables. These variables have been found through the following reasoning. First of all, the turnover (T) is taken along for statistically practical reasons, since it might behave in a more stable way than the sales growth rate. The number of sold vehicles per employee (V/C) is a replacement variable for the throughput time, proposed by Murman et al. (2002) . The number of vehicles sold in a year is basically a measure of the output rate, which is an inverse measure of the throughput time. For comparability reasons, the number of vehicles was then divided by the number of employees, so that it is also a measure of employee productivity.Finally, the profit leverage (T/P) is deduced from earlier work by Beelaerts van Blokland et al. 3, 5 , who have defined the product multiplier (PMP) as a governing metric for configuration on a product level. It is defined as the total product value divided by the company's own added value to a product. It is thus also a measure of the amount of production outsourced to suppliers. This metric has been converted to an organizational level to obtain the turnover per profit (T/P) variable. The turnover is the total value produced and claimed by the supply chain, whereas the profit is that part of the total value that is claimed by the focal company.
A sample of 33 automotive OEMs was selected based on OICA 16 , which presents a list of the world's largest automotive manufacturers. From this list and the authors own knowledge of the automotive industry, in the end 33 companies were found to issue their own annual reports publicly, see Table 2 . Together, the sample group accounts for more than 81 percent of the total global vehicle production. Therefore, it is believed that the sample is more than sufficiently large to speak for the whole automotive industry. The sample includes both carmakers and truck builders. In later stages of the research these two have been split up and were analyzed separately.
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General 21 . Furthermore, request e-mails were sent out to all companies to ask for them to send in additional annual reports. Roughly three weeks after this first request e-mail a reminder was sent. In total about half of the companies asked replied and contributed by sending in one or more additional annual reports. A few companies, Daihatsu, Fuji Heavy Industries, Hino Motors and Suzuki, could not be reached.
For all 33 companies, all required data was collected from their annual reports to construct all the variables presented in Table 1 , for as far back as 1980 if possible. Furthermore, additional data was collected from WRDS 25 . For some companies, mostly German companies, data is available for the full range of 1980 to 2008. For other companies less data could be obtained, sometimes even for only two financial years (such as Suzuki).
This fact makes that there is a significant asymmetry in the available data, which must be noted when considering the results of this research. Some companies, such as Daimler and Fiat, operate both as a carmaker and as a truck builder. These companies were analyzed in both categories and their market share and V/C data was collected based either on only their car making activities or on their truck making activities. Finally, the market share could only be approximated. This was done by dividing the total number of sold vehicles for a company in a certain financial year by the total number of produced vehicles (trucks or cars) in that year, found from OICA 16 .
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III. Analysis
A. Bivariate Correlation Analysis
The first step into the analysis is the assessment of bivariate correlations between all of the variables proposed. This is to provide an insight into the relations existing between the variables.
It was found that both the assumption of normality and the assumption of homogeneity of variance are violated by the data set and hence used must be made of non-parametric correlation tests; Spearman's Rho 7 . First, however, correlations were plotted using a correlation scatter matrix shown in Fig. 1 below, which led to the discovery that carmakers and truck builders exhibit different characteristics. for example for the correlation between T/C and P/R&D, that two lines are formed, corresponding to carmakers and truck builders.
Next, for the carmakers and truck builders the correlations were quantitatively assessed, the results of which are given in Table 3 and Table 4 Note that the numerical values within each cell are the R 2 -values of the corresponding correlation, thus providing a measure of how strong the correlation is. The plus or minus sign indicates the direction of correlation (positive or negative). Finally, the color indicates the significance of the correlation found. A dark green cell indicates the corresponding correlation was significant at the p 0.01 level and a light green cell indicates it was significant at p 0.05. A white cell shows a correlation that was not significant.
It is important to make sure that the variable correlations between the performance variables provide a strong predicting ability of these performance variables. The foregoing analysis has shown that not all variables comply with this requirement. Firstly, T/P has, where significant, shown mostly negative correlations, which is precisely opposite from what one would expect if it were indeed a good measure of the supply chain relationships indicator of performance. Apparently then T/P is not an accurate variable to measure company performance, since the analysis has shown that most other variables vary inversely with T/P. In other words, a low T/P predicts high values of most of the other variables.
The explanation for this is likely to be along the lines of the following. This research' theoretical reasoning was that T/P quantifies how much of the total product value is added by the company's suppliers. However, T/P basically is the inverse of the profit margin (P/T), which is a frequently used company performance indicator. In short: T/P is not similar to the product level's production multiplier (PMP) 5 Table 4 : Correlations for truck builders Secondly, the two "delta variables" ( T and SP) should be looked at. Both correlate only to a small number of other variables and, moreover, they often correlate negatively. The probable reason for this is that because they are change-variables, they behave rather unstable. In any case, the metrics' unstable behavior makes them rather unsuitable for continued use in the research. In the remainder of the research T will be discarded, because the absolute turnover can take over its "task". As for SP, the absolute share price (SP) can be used when looking at individual companies. Later on in this research, both T and SP will be normalized and hence they can be employed to replace T and SP respectively.
Focusing on the 3C-metrics by Beelaerts van Blokland 3 for a moment, T/C vs. R&D/C also shows a particularly high R 2 -value; 68.7 percent. This was already found by Beelaerts van Blokland et al. 4 . They explained this by considering the fact that many automotive OEMs set their R&D budgets as a fixed percentage of the total turnover, thereby setting an inherent relationship between the two variables. Also the other 3C-metric combinations can be looked at. Also T/C vs. P/C and R&D/C vs. P/C show rather high R 2 -values; 27.7 percent and 23.3 percent respectively. In turn the 3C-metrics are also correlated significantly to most of the other proposed variables. This suggests they indeed have something to say about value creation and company performance. However, the fact that also other variables show significant and strong correlations shows that the 3C-metrics are not the only metrics that can predict value creation and company performance.
Finally there's the profit per R&D (P/R&D). In both correlation analyses (carmakers and truck builders) it showed to be negatively correlated to a lot of the other variables. An explanation for this could be that P/R&D does not actually measure the R&D effectiveness, but rather merely the ratio of profit and R&D, which decreases as R&D increases. Companies spending more on R&D than they gain from it on profit are penalized by this variable, whereas the increase in R&D expenditures may still lead to an absolute gain in turnover and profit overall. As a result also P/R&D will be discarded in the remainder of the research.
Summarizing, four variables will not be taken along in the upcoming research steps; T/P, T, P/R&D and SP. Therefore, the remainder of the research will be performed with the following variables:
• Turnover (T) 
B. Filtering the Data
The foregoing analysis was performed over the complete "cloud" of data, including all companies and data points. Before going on, it is important to filter the data cloud in order to take out "bad data" that distort the results. First of all, look at the financial performance pillar. In the foregoing it was found that the behavior of the change in share price ( SP) variable was too unstable to be of use to this research. However, SP was introduced as a replacement for the absolute share price (SP), because share price is by definition not a variable that can be compared between different companies, since a large part of a company's share price is somewhat arbitrarily determined when shares are issued. In the following, this research will look at companies individually and share price can be used as a variable again, as long as it is not compared between different companies. In short, the share price will be reintroduced as a variable for financial performance in this chapter. Now, for financial performance, innovation capability and supply chain relationships each only one variable remains. The intention is to have each pillar of company performance be represented by only one variable. For competition performance and manufacturing capability a selection still has to be made.
Considering the manufacturing capability indicator first, it was found by analyzing the data for companies individually that for many carmakers and truck builders T/I is a variable that usually does not correlate significantly to many or all of the other variables. Recuperating that each of the variables is intended to express company performance for one of the five performance pillars, a variable that so consistently does not show significant correlation is one that does not behave consistent with the overall company performance and is thus not an accurate variable. Therefore, T/I should be discarded at this point in the research. It does not behave consistent enough to be able to provide meaningful information about company performance.
That then limits the candidate variables for the manufacturing capability aspect of performance to P/C and V/C. Both can be seen as a measure of the output of a company and are thus a measure of productivity. For the carmakers it was found that for P/C 47.1 percent of the available correlations was found to be insignificant. For V/C this was only 29.3 percent. For the truck builders these figures were 35.4 and 31.8 percent respectively.
An insignificant correlation is basically caused because the behavior of the two respective variables over time is not consistent. More insignificance thus means more inconsistency in the behavior. It also means that no inferences can be made from such data. Thus, using the above found percentages it was assessed that V/C shows the most stable behavior in relation to the other (remaining) performance metrics, which makes it the better candidate to represent the manufacturing capability performance pillar for the carmakers. Now, look at the competition performance pillar, for which both MS and T are still in the running. The carmaker and truck builder groups consistently show that turnover is the variable that behaves in the most stable way and is thus the better candidate to represent competition performance. It was striking to notice how bad market share would correlate to the other performance metrics, particularly considering that it is one of the most frequently used metrics to measure competition between companies. A possible cause for this unexpected behavior could be in the way market share figures were determined. By using total global production figures as the denominator in the global market share calculations for the companies, an inaccuracy is undoubtedly introduced. Although initially it was believed this error should be acceptable, since it is consistently introduced for all companies, it now seems this error was in fact not acceptable. Still, the turnover variable remains to represent the competition aspect of performance, so in the end there is no impact on the research results.
Apart from difference between variables, it was also shown there are differences between companies. For some companies, like Audi, (nearly) all variables correlate significantly and strongly, whereas for other companies, such as FHI, the exact opposite seems to be the case. Because insignificant correlations are a sign of instability of variables' behavior and because they do not provide the power to make a lot of inferences from, the aim of this section is to filter out those companies that show insignificant correlations between remaining variables (and thus show instable behavior of their performance variables). For the purpose of setting up the performance measurement model it is important to make use of data of only those companies that show significant correlations for all of the remaining variables. Looking first at the carmakers again, there are a number of companies that do not show insignificant correlations at all. These carmakers are Audi, Fiat, Porsche, PSA, Renault and Škoda. Similarly, the truck builders showing no insignificant correlations at all are Ashok Leyland, Fiat, Hino, MAN and PACCAR. Therefore, the data belonging to the six carmakers and five truck builders listed above will be used as input for building the performance measurement model.
C. Setting up a Performance Measurement Methodology
Before correlations can be properly analyzed, it must be noted that the share price (SP) and turnover (T) variables should first be normalized. For share price this is because, as was already mentioned, because share price in itself cannot be compared between different companies. Similarly, turnover, being an absolute variable, dependent on the company's size, cannot fairly be compared between companies either. By normalizing the variables' values, comparability can be assured. The other three variables, V/C, R&D/C and T/C, have factually already been normalized through the division by the company's number of employees. Therefore these three variables do not require normalization per se. Still, because the performance measurement model to be developed is to measure performance from a set of linear equations, these variables will have to be normalized as well, so as to be sure the absolute value range (especially the difference thereof between variables) of a variable for a company has no influence on the outcome of the model. Therefore all variables were normalized by dividing their values in each financial year by the value of financial year 2004, since that was the first year for which all of the remaining companies had all required data available.
Given the aim of this research, at some point a switch must be made from pure research to definition of a model. As could already be seen from the bivariate correlation analysis, multicollinearity exists between the variables in this data set, which can be a problem to the accurate determination of each predictor variable's influence on an outcome variable when performing multiple regression analysis 7 . The solution to this would be to leave out several predictor variables that correlate to others, such that the remaining predictor variables no longer co-vary. In effect, this would mean that all outcome variables would be predicted by only one predictor. However, the aim of this research is to express a performance index that is influenced by all relevant variables. Therefore the choice was made not to employ a multiple regression analysis directly, but rather to use it as a way to determine five constants, one for each variable. These constants will be multiplied by their corresponding variable and then simply added up, yielding a linear equation that defines the final linear equation, defining the performance index. The advantage of such an approach is that all relevant variables can be taken into the model and that the theoretical relations between all variables are taken into account. For example, if the competition performance is a function of SP, V/C, R&D/C and T/C (all normalized), and these predictors all co-vary, then a company performing well on all of these predictors (which is a good thing in itself) will find itself with a higher competition performance influence on the final index than a company that performs less well. The disadvantage of this approach is that the results do not have any "physical" meaning, but can only be used for comparative analysis between companies. Finally, it should be noted that this research never speaks about causality. Rather, it focuses on the mutual relationships and predicting abilities of the variables.
The idea is to perform five multiple regression analyses, one per variable, where each time the other four variables are seen as predictor variables. Basically what such an analysis does is to find how much of the variation in the outcome variable can be explained from the variation in the set of predictor variables. Additionally, a multiple regression analysis can determine the influence of each predictor variable separately. However, because of the mentioned multicollinearity, this last thing cannot be done with accuracy in this research. In any case, the resulting R2-value of each multiple regression analysis will be used as a constant in the linear performance measurement equation for each respective performance variable. The result is a linear equation that determines a performance index. For the carmakers this equation is given as: Having defined an equation that allows the calculation of a performance index value, for both the carmakers and the truck builders, it is now time to describe how this model is intended to be used. Basically, what the model allows to do is to compare the performance of different automotive companies over a period of at least one financial year, requiring a minimum of two financial years of available data. The idea is to normalize the values of the SP, T, V/C, R&D/C and T/C variables using the first year of the period under investigation as a base year, similar to the normalization process. In this base year the values of all variables will be equal to one for all companies, resulting in an I P value of one as well, thus providing an equal starting point for the comparison. The performance measurement model does not make any statements about absolute levels of company performance, but rather it assesses changes in performance over a period of time. This is in line with the aim for it to be of particular use to investors and industry analysts. Those companies that show the fastest performance growth are of most interest to investors, since these are the companies that are expected to show the best share performance in tandem with that. Furthermore, by looking at change in performance, rather than at absolute performance levels, performance drops can also be more easily detected.
When one is looking for the performance (change) over a period of time, the normalized variable values at the end of the considered period should be inserted into the appropriate equation. Calculating I P per company should give a performance index for each company that is a measure of the performance relative to the base year. If the value of I P is lower than one, this means that, seen over all five performance pillars together, the company's performance was negative, meaning it is going backwards. If it is larger than one, the company has made progress relative to the base year. Different companies can be compared by comparing their respective I P values, where higher values are better.
D. Illustrating the Model
As a means of illustration, Figure 2 shows the performance index over two periods (2002-2007 and 2006-2007) for a group of carmakers. One can clearly see that between 2002 and 2007, Audi and Volkswagen made the largest performance progression. Do note, however, that in the last year of that period Volkswagen's performance exceeded that of Audi. This is caused by the fact that it performed exceptionally well on the financial performance pillar; its share price performance was very high between 2006 and 2007. A possible cause to this could be related to the fact that Porsche had recently increased its ownership in the VW Group, which ultimately led to the bickering about ownership between the two companies, which was so extensively covered in the media. A set of "medium performers" follows at some distance. These are Renault, BMW, Fiat, Mazda, Toyota, Daihatsu, Nissan and Daimler. Although all companies have a positive performance index over the period 2002 to 2007, the last one of these medium performers, Daimler, shows, like FHI and GM, a performance index lower than one over 2006 to 2007, indicating its performance in that year was negative. For FHI and GM these results are genuine, in line with the fact that these companies have struggled over the last years. For Daimler this result may not be very fair, due to the fact that between 2006 and 2007 it divested its Chrysler division, which should have had an impact on the value of its variables. Lastly, note that Ford does not show an I P -value of lower than one at all. Although one would say that this does not seem to be right due to the fact that Ford is one of the American "Big Three" that got into trouble in the recent financial crisis, one should consider that, firstly, the financial crisis had not set in yet in 2007 and, secondly, Ford, although it is not doing too well, was the only one of the Big Three who in the end did not require any government support due to the fact that it was not in a bad a shape as GM and Chrysler. 
E. "Validation" of Results
Validation of results in the strict sense of the word is not something that can be done. To do this there would have to be some independent measure that performance index could be benchmarked against, showing that it yields the same or similar results as this alternative measure. Unfortunately, there is no such measure available. In fact, precisely the reason why this research was performed was to develop an integral performance measure to fill this gap. It is inherent to the fact that something integral, something new has been defined that its results are difficult to validate.
Still, there is some light that can be shed on this. Anyone who has followed the automotive news over the past years will know that some companies are in a considerably worse state that others. A financial crisis began in 2008, but even before then were some companies falling behind. Most notably these were the American Big Three companies, Ford, GM and Chrysler. At the same time, some other companies have done considerably better than the rest. Audi is one such company and also Volkswagen has been doing well, taking shares in Suzuki and Porsche and having stated it would be interested in taking over Alfa Romeo from Fiat. In fact, recently Volkswagen, now merged with Porsche, took over Toyota's position as largest carmaker in the world 14 . Simultaneously, some would expect Toyota to be among the best performers as well. However, Fig. 2 clearly shows it is not, ranking somewhere halfway among the average performers. Now, this really is in line with recent signs on Toyota's performance. The Economist has recently published an article, in which it cites Mr. Akio Toyoda, Toyota's president, about how Toyota may face decline if it does not act 19 . In other words, the fact that Fig. 2 shows Toyota is only performing among the average performers does seem to reflect Toyota's problems that have recently come to light. As for the truck builders, it is no surprise that the pack that was investigated in Fig. 3 is led by a company from India, a rapidly developing economy. It is companies from such rapidly developing countries that exhibit the fastest performance growth and hence those are the companies with the highest I P -values.
In short, although validation of the research results is not directly possible given the nature of the results, one can see that the performance model introduced seems to line up nicely with recent media coverage on automotive company performance. Still, there is also a possible weakness in the model that can be best seen by considering GM. In the model, an I P of more than one signifies a company has put effort into improving its performance and that these efforts were successful. However, GM is a company that has not been doing well for more than a few years now. Yet, still its I P -value over the period 2002 to 2007 is above one, suggesting it too is making progress in performance strides, be it the least of all investigated companies. This is not what one would expect and the cause for this may be related to two things. Firstly, no correction was applied to the data for inflation. It could therefore be that inflation makes all companies' figures seem slightly better than they really are. Secondly, and more importantly, the direct influence of profit on the model's outcome was eliminated when V/C was chosen over P/C as a variable. Now it is only included indirectly through the share price, which was found to correlate strongly with P/C for most. It is already recommended that in future research this possible weakness is further examined and that corrective action is taken if needed. Solutions could be to increase the weight factor given to the share price variable in the model, or to reintroduce some kind of profit variable.
F. Applying the Model to Aerospace OEMs
The time has now come to use the knowledge gained to set up a similar company performance measurement model for the aerospace industry. The foregoing analysis of the automotive industry focused on its OEMs only. Earlier 4 has already performed a comparison of the behavior of the 3C-metrics between automotive OEMs and aerospace OEMs. The intention here is to keep the aerospace-automotive comparison as "pure" as possible, meaning that it will look at aerospace OEMs producing civil aircraft only.
As already stated, such companies are nowadays only a few in the world. To the author's knowledge there are only five publicly owned civil aircraft producers in the world, being Boeing, Bombardier, Dassault, EADS and Embraer. All of these companies, except Bombardier, are also engaged in the design and production of military aircraft. For these five companies as much data as possible was collected in the same way as was earlier described for the automotive OEMs. Now that the research is investigating aircraft manufacturers, a problem arises, with the V/C variable. Although, technically, one could simply measure the number of aircraft sold per employee, this would not be fair for two reasons. Firstly, all of the five companies are engaged in other than aircraft building activities. For example, Bombardier also makes trains, snow mobiles and all terrain vehicles (among other things), and Boeing also produces munitions and space systems (among many other things). Secondly, V/C would not be a measure validly comparable between companies. After all, the difference in required resources, efforts and labor force between the design and production processes of an Airbus A-380 and an Embraer EMB 120 can be imagined to be huge. To go short, a replacement variable should be picked for V/C to represent the manufacturing capabilities performance pillar. Referring back, P/C was found to be the next best variable for the automotive OEMs and hence it will be adopted as the replacing variable for the aerospace OEMs. The explicit assumption here is that the variables proposed for the automotive industry also work for the aerospace OEMs. Therefore, the following will analyze the aerospace OEMs' turnover, share price, profit per capita, R&D expenditures per capita and turnover per capita. The first step should be to investigate if the proposed variables correlate in a similar way as they did for the carmakers and truck builders. It is found that for the aerospace OEMs the proposed variables do not correlate significantly to each other, apart from a few exceptions, for the individual companies. This means that no conclusions can be drawn from this. However, it is important to note that only for Boeing an adequate amount of data points was available, meaning more than ten. For the other four companies only between seven and nine data points were available. This limited data availability makes that the correlation analysis is only able to detect the strongest of effects. Considerably more data would be needed to solve this problem. For now, the assumption will be made that the variables still have the power to provide insights on company performance, though this cannot be backed up with correlation results until more data is available.
In a similar way, the performance index equation for the aerospace OEMs is found to be: This result is quite different than it was for the automotive OEMs. The highest constants (R2-values) shown are considerably lower, even lower than the lowest for the automotive OEMs. Two of the R2-values are in fact so low that they could not be termed significant (the ones for V/C and R&D/C). Yet, this time this result cannot be blamed on a data shortage (N=43, where it was 33 and 45 for the carmakers and truck builders respectively). Rather, these results are likely to have arisen because the data could not be filtered.
Once again, the model found can be applied to the companies in the sample. Because 2004 is the earliest year for which all required data is available for all aerospace companies, performance of the five companies will be analyzed over the 
IV. Conclusion
The research question posed was given as: Can a new performance measurement methodology be developed, based on value creation, co-innovation and lean enterprise theory, that will allow the assessment of aerospace companies' health from a value creation, an engineering and a financial point of view?
The answer to this question is not straightforwardly "yes". It was shown that, at least for the automotive industry, some of the proposed variables are correlated for stably performing companies and that these variables have the power to provide an insight into the different aspects of company performance; competition performance, financial performance, manufacturing capability, innovation capability and supply chain relationships. In the end, all this was integrated into a linear performance measurement model in which each of the five performance pillars is represented by one variable. Were it for the automotive industry, then the answer to the research question would have been "yes". However, when a translation was made to the aerospace industry, difficulties arose. Precisely the reason why it was decided to perform the bulk of the research on the automotive industry made it difficult to adapt the model for aerospace application; the fact that only a few publicly owned aircraft builders exist in the world and that data availability for these companies is rather low. This caused the determination of the precise equation for aircraft builders to be inaccurate and made it very difficult to validate the results. In conclusion, one can therefore say that it is "probably" possible that the devised model is also applicable to the aerospace industry, but that the model as it is now is not yet sufficiently well researched to provide accurate results. For both the automotive industry and the aerospace industry the proposed model takes into account all five of the identified pillars of company performance. Together, these pillars span the range between the "value creation, engineering and financial" points of view mentioned in the research question. The full answer to the research question thus is: "yes, this is possible, but it is particularly hard for the aerospace industry and the attempts made so far cannot be considered accurate enough". More research is required to improve the model's functioning for application to aerospace companies.
V. Limitations and Recommendations for Further Research
The largest limiting factor to this research has already been discussed in the foregoing. Data availability for the aerospace OEMs is so low that the results are not very accurate. However, even for the automotive OEMs the amount of data available poses a problem. The fact that, for many companies, data was only available for fewer than ten financial years made that any correlation and regression analyses performed were only able to detect the strongest of effects. This statement is supported by the fact that for those companies for which data of more financial years was available weaker correlations could be found with significance. This makes it worthwhile for future research to continue the collection of data and to again look at the behavior and relations of variables a few years from now, when more data is available. More than fifteen data points per company would be a good place to start. When continuing the collection of data, it is particularly important to do this on a yearly basis. The reason for this is that most companies only keep their annual reports available online for a few years. Moreover, some Japanese companies only specify certain data, like their number of employees and the number of sold vehicles, on their website and only for the last financial year. One year later such data can then no longer be retrieved. This is in fact the reason why only two data points are available for Suzuki.
Secondly, there is the explicit assumption that those variables that work for the automotive OEMs also work for the aerospace companies (excluding V/C of course). At this point, variables' interrelations and behavior for the aerospace industry could not be investigated due to the shortage of data, but for the future, when more aerospace 14 data is available, it is recommended that the full analysis for variables is also performed for the aerospace companies.
Next, in this research only the aerospace OEMs of civil aircraft were investigated, although most of these also produce military aircraft. Given the diverse nature of the aerospace industry, it is recommended that future research takes a broader look and also investigates other aerospace companies, such as Northrop-Grumman and LockheedMartin, that produce only military hardware, companies, such as Finmeccanica, Raytheon and Textron, that can be considered to be primarily aerospace suppliers, and companies, such as Rolls-Royce, General Electric and Pratt & Whitney, that build aircraft engines. Doing so will increase the amount of available data and the number of companies, although it should be noted that this makes a very diverse sample that makes company-to-company comparisons something to be done with caution. Going back more into the research' theory, one should consider the proposed variables and their meaning. It is recommended that more research is directed at what each of the proposed variables says. This is in particular aimed at R&D/C and T/C. For the first one it should be assessed how R&D/C relates to the actual innovation capabilities. Just spending money does not necessarily make successful innovation. Furthermore, R&D/C does not capture any possible outsourcing of R&D efforts. As for T/C, in this research it was, following the research by Beelaerts van Blokland 3 taken as a measure for the efficiency of the supply chain configuration in creating value. However, no further research has been performed on this. In the future it should be assessed how well T/C actually captures the supply chain relationships part of performance. As stated, this research was performed based on publicly available data. This does however mean that the exact company processes that lead to value creation were not investigated. The question is how more understanding of company processes can be obtained in order to better understand their influence on each of the five pillars of company performance. If future research can be performed in-house of companies, perhaps such understanding could even ultimately lead to the discovery and proof of causal relationships between different processes and between different variables.
Finally, there is the issue of validation. Given the fact that a new model is defined for the calculation of company performance, validation is a difficult issue. The analysis already compared the automotive results to some of the recent automotive development covered in the news. However, this cannot be considered very objective. Future research should therefore attempt to find validation for the accuracy of the model. This could for example be done by comparing the model's results to expert opinions, more news coverage, other metrics of company performance and share price developments. That said, it is clear that the research and the results provide ample evidence that a new company performance valuation method can be set up, but also that a considerable amount of future research is needed before this method can be employed as a replacement of some of the current measures of company performance. There is much work left to be done.
